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Am. Soc. E.—When continually growing 
centers population reach point when their water supplies can 
longer obtained from springs wells, becomes necessary 
utilize larger sources, such rivers. Open streams, however, are 
often turbid and polluted, least the surface washing rain 
water, and becomes desirable purify such water before use. Thus 
originated the practice filtering public water supplies, and in- 
teresting many know that, within few miles where 
are now gathered, the first large filters for this purpose were constructed 
Mr. James Simpson, one the former presidents the Institu- 
tion, the year 1829, for the Chelsea Water Company. 


*Itis expected that this discussion will be continued in a subsequent volume of 
Transactions. It seemed desirable that, so far as possible, the discussion should be 
made available, notwithstanding the fact that Mr. Lindley’s contribution, as well as those 
of several foreign engineers, who have signified their intention of discussing the subject, 
are not yet in hand. 
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the early days the aim was get clear and palatable water. 
Since the discovery the bacterial origin many diseases, and the 
further discovery that such pathogenic bacteria may introduced 
into our bodies through the use water, further and most important 
requisite the elimination disease germs also. 

Filtration has, therefore, triple duty perform: must render 
the water healthful, clear and pleasant taste. 

might expected, different lines practice have been followed 
different countries, and even the same country, the endeavor 
obtain the most effective and most economical means water puri- 
fication. The result has been the development several distinct 
processes. 

the last international gathering engineers interested this 
subject, during the World’s Fair Chicago, 1893, the results 
studies pursued the experiment station the Massachusetts State 
Board Health, were made known the world. These results con- 
tributed much the knowledge removing bacterial germs from 
water, and elevated the practice filtration from empirical 
scientific basis. 

Since then, further substantial progress has been made both 
sides the Atlantic, but particularly through the extensive experi- 
ments made large scale Louisville, Cincinnati and Pittsburg, 
which covered the conditions water highly charged with suspended 
matter well polluted sewage. These experiments included 
also test filters another order than those previously investigated 
Massachusetts. 

Experience has not yet brought general agreement regarding 
the relative merits these several filters and methods purification 
now was hoped, therefore, that discussion this second 
international gathering engineers might contribute greater clearness 
the controlling elements, and thus lead more rapid progress 
toward the desired end. 

may divide the methods water purification now practiced 
substantially into two classes: One requires large bed fine sand 
through which the water allowed percolate, the rate of, 
roughly, from cu. ft. per day sq. ft. filter surface, or, 
column ins. depth, per hour. The other, with much 
smaller bed sand similar material, requires from, say, 200 400 
cu. ft. per day pass through sq. ft. filter surface, or, column 
water from ft. depth per hour, which is, the average, 
times faster than the first case. 

the chief difference this rate speed, the two systems have 
been called, respectively, slow and rapid filtration. The appliances 
have also been called and mechanical filters, because sand 
the chief element the first case, while mechanical contrivances 
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form the chief element the latter case. They have also been distin- Mr. Hering. 


guished, respectively, the English and American filters, from the 
countries where they were first developed. 

For filtering public water supplies, there are still other appliances, 
which Fischer Worms system and the Maignen system have 
been most prominent. 

The Worms system requires the use artificial tiles, through 
which the water made percolate. Experience, however, has shown 
that with reasonably large yield water the purity may 
cient, vice versa, the expense being rather great for any other than 
originally clear waters. 

The Maignen system requires the use asbestos pulp, which 
caused gradually form layer cover over the sand beds slow 
filters and collect the sediment and bacteria. claimed that 
greatly increases the safe rate filtration per square foot. The 
effected simply rolling this cover, which separates 
readily from the sand. With this contrivance experience large 
scale has yet been had. 

The slow sand filters have been used almost exclusively Europe. 
The principle upon whichthey act double one: First, there 
straining action, keeping out the passing water all coarse sus- 
pended matter and the bacteria, the slimy sediment layer 
which forms upon the surface the sand; and secondly, there 
further disappearance the bacteria caused organic process 
going while the water percolating through the sand. 

The efficiency such filter depends upon conditions, 
the most important which are: 

The Size the Sand Grains.—It found that fine sand uni- 
form size, several feet depth, gives the best results. further 
found that the number bacteria the effluent water increases with 
decreasing thickness sand bed and with increasing size sand 
grains. 

galls. per acre per day, column water about ins. 
depth per hour, found most satisfactory, The number 
bacteria passing through the filter increases rapidly with the 
rate, which should, any case, kept uniform get the best 
results, and accomplish which requires the use controlling 
devices. 

Drainage.—The free withdrawal the water from the under- 
drains, secure the same rate all parts the filter. 

Temperature.—The temperature the water should not vary 
greatly, because controls the pressure required effect given 
rate filtration, and because the bacterial efficiency decreases with 
the temperature. 
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The Age the Filter Bed.—New freshly scraped filter beds 
give higher numbers bacteria the effluent water than old and 
well-compacted sand layers. 

The slow system filtration has been practiced according two 
methods, the continuous and the intermittent. When the amount 
dissolved oxygen contained the water sufficient for the necessary 
bacterial action, the continuous method preferable, because 
simpler and cheaper. therefore, the more common one. When 
the water highly polluted, requiring large amount oxygen for 
the proper bacterial action, the intermittent system may preferable, 
Lawrence, Mass., where the sand beds must given frequent 
aeration, and thereby receive new supply oxygen; or, when 
water highly polluted, double continuous filtration may 
practiced, several cities Europe. Still another variation 
practiced Bremen, where the first filtrate coming from the filter just 
after has been cleaned, and therefore generally not sufficiently pure, 
passed through another filter, which has not been recently cleaned, 
before enters the city’s mains. 

climates where water freezes frequently during the winter, and 
depth least several inches, customary cover the 
filters order obtain the best results. Where impracticable 
so, was the case Hamburg, special allowance must 
made for the decreased bacterial activity the colder water, and for 
the mechanical difficulties resulting from the ice. 

When the water filtered has high degree turbidity, 
economy demands that allowed deposit most its suspended 
matter before run upon the filters. Settling basins are therefore 
adjunct almost all filters for river water. When this 
contains finely divided clay, the particles which are smaller than 
bacteria, necessary add coagulant the water before enters 
the settling basins. Unless there prior removal this fine clay, 
the filter may allow the water pass through without giving 
thorough clarification. 

One day’s settling usually sufficient for the purpose, far 
the largest proportion suspended matter, and all the coarser matter 
removed within that period. While the custom provide for 
about one day’s settling prevails America and Germany, has been 
preferred England build storage reservoirs sufficient size 
hold water for much longer period. The being that, for 
economical reasons, enough water should stored for use during the 
time when storm makes the river water very turbid. 

slow filter cleaned removing thin layer sand, in. 
thickness. This upper layer contains not only the suspended 
matter deposited from the water, but also most the bacteria. 

The second class filters, the so-called rapid mechanical filters, 
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were first introduced America, and are extensively used there. mr. Hering. 
They act the principle straining, which the suspended matter 

and the bacteria are kept substantially the surface the filter 

material. The rapid rate the passing water does not allow much 

organic action below the surface, and requires also rather coarse 

filtering material. 

order hold back the fine matter held suspension, such 
clay particles and bacteria, coagulating substances are added the 
water definite quantities, depending chiefly upon the amount 
lime and organic matter contained the raw water. The resultivg 
flocculent matter settles upon the surface the filter bed, and then 
acts chiefly strainer, sufficiently fine hold back the minute 
particles, including percentage bacteria, which, under favorable 
conditions, may large that removed the slow filters. 

Through the investigations chiefly George Fuller, Assoc. 
Am. Soc. C.E., the conditions for the successful operation such filters 
are understood now much better than formerly. possible, now, 
arrange their operation, that, from water given quality, 
fairly definite results can obtained. depends mainly 
upon the size and character the grains, upon the rate filtration, 
the constancy this rate, the proper admixture the necessary 
coagulants varying with the quality the water, and upon the 
arrangements for properly withdrawing the filtered water. 

Two kinds rapid mechanical filters have been used, those 
acting under the slight pressure the water contained open 
filter, and those acting under high pressure closed filter. 
Although many cases convenient and economical, the high- 
pressure filter cannot give equally good bacterial results, because the 
delicate film coagulant may more readily 
pressure filters, therefore, should used only for waters which are 
not seriously polluted. 

rapid filter cleaned reversing the current and washing the 
entire mass sand thoroughly with filtered water, for which numerous 
and more less efficient mechanical devices have been used. This 
washing process requires from the filtered water, and 
opportunity disposing the waste water unobjectionable 
manner. 

case the water very turbid preliminary settling advan- 
tage also with this class filters. 

From the foregoing necessarily very brief review the chief 
characteristics the two principal methods filtration now use, 
will gathered that they may both satisfactorily purify water 
under many ordinary conditions. 

The criteria which should guide the selection one the 
other method for particular case are their relative sanitary effects 


Mr. Hering. 


404 DISCUSSION FILTRATION WATER. 


under expected conditions, the reliability their operation, and their 
cost. 

these introductory remarks not the purpose enter fully 
and detail into comparison the merits and demerits the 
several methods. hoped that those who join the discussion 
may The speaker will merely state his own conclusions 
derived from his practice. 

The sanitary effect filtered water will judged the pre- 
vailing death and sick rates. have abundant evidence that well 
constructed and faithfully operated filter the slow type can ma- 
terially reduce typhoid diseases. There hardly 
question that will also remove the contagion cholera. 
similarly strong statement regarding the sanitary effect rapid 
filters can, from lack experience, hardly yet made, though 
know that the bacterial efficiency both classes filters can 
made almost equally high, the slow filters being probably slightly 
more efficient. 

the reliability operation, seems the speaker that the 
slow filters should given the preference. The great difference 
the rate filtration furnishes the reason for this conclusion. When 
there rupture the coagulated material covering the filter—and 
such rupture likely produced some irregularity—the 
amount unpurified water passing through the filter many times 
greater than the case slow filter, where such rupture, even 
when does occur, cannot produce harmful results 

Regarding the other chances mishaps, they are less serious and 
may result equally both cases. The skill necessary operate the 
two kinds filters may also considered equal, the best results 
are reached. 

may conclude, therefore, that, regards efficiency and reli- 
ability, both methods can render satisfactory service, depending 
the special conditions the raw water, the degree purity 
obtained and the care exercised the operation. 

the raw water highly polluted, slow filtration, double 
filtration, preferred. other cases, the decision will generally 
depend upon the cost. 

Regarding the cost, has been found that often the two methods 
are about equally expensive. The required investment usually 
greater for slow filters, but the cost operation correspondingly 
less, and vice versa. 

may expect, therefore, that both the slow and rapid filters will 
used the future with good results their respective spheres, 
and that the peculiar conditions each locality will enable the 
engineer decide which will give the greater satisfaction the 
lower cost. 
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Inst. E.—The speaker has listened Mr. Deacon. 
Mr. Hering’s discussion and the observations Mr. with 
great pleasure, and feels that this occasion some the English 
hydraulic engineers ought pay tribute admiration the man- 
ner which the Americans have taken this subject. 
England, sand filtration has been larger extent than 
any other country, and might said here practically the 
universal system for potable water. the Continent, some special 
tests and experiments have been made, but the speaker thinks that 
they are all eclipsed the very complete series experiments con- 
ducted the Massachusetts State Board Health, the Pittsburg 
and certain other authorities inthe United States, and 
which are now referred among the most important investigations 
which have been made the subject. Only within the last few years 
has been discovered what sand filtration really means, and there 
still one element which not completely settled defined the minds 
all engineers concerned the subject, viz., the part which the sand 
really plays the process. known: That the sand not 
much more than strainer, and that serves support 
gelatinous film which forms its surface, and which really constitutes 
the filtering medium. Opinions differ whether, when this filter- 
ing medium doing its legitimate work, the sand beneath 
not giving anything more than supporting assistance. 

The speaker’s view that the sand does little nothing the way 
actual filtration, but that nevertheless necessary consider- 
able thickness, ensure complete filtration the film resting upon 
it. thin bed sand will not ensure uniformly distributed perloca- 
tion, and unless the initial percolation through the sand distributed 
with fair uniformity, clear that the surface film cannot all parts 
its duty equally well, and that where the resistance least, the sus- 
pended matters the water will carried into the sand larger 
extent than elsewhere. That this may seen almost any 
filter bed which, when the water has been lowered, carefully cut 
through with Parts the bed are found discolored 
more than others, and noticeable that the discolored portions are 
not vertical lines but greatly inclined lines, often passing for 
several feet one side and back again more than once before reaching 
the bottom the sand. many filter beds also where the sand has 
not been disturbed for several years, has been observed that this 
feature accompanied actual re-sorting the grains sand, 
the coarser grains being found somewhat similar inclined zigzag 
lines. might seem incredible some engineers that such re- 
sorting could take place low average velocity—not more than 


Engineer the Vyrnwy Works the Liverpool Corporation. 
Owing Mr. Lindley’s illness, his discussion could not prepared for press. 
possible, will issued the next volume Transactions. 
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Mr. Deacon. ins. per that used filtration; but the mystery dis- 


appears when considered that the weight the sand grains when 
under water reduced and that the mean velocity ins. 
per hour varies inversely the space—the interstices the sand— 
through which the water flows, and directly the enormously 
lengthened path traverses, while the maximum velocity points 
the mass sand must greatly exceed the mean. Moreover, matter 
fact, examination old filter beds has shown conclusively that the 
devious paths taken the lines maximum velocity must still fur- 
ther very greatly increase that velocity, and must also leave places 
almost absolute quiescence which the finest grains will deposit. 

certain works, which believed among the best managed 
Great Britain, the speaker many years ago saw this feature 
marked, that vertical section the sand gave the impression the 
condition known geology bedding.” had lately seen 
the same works again, and, although the interval the sand had been 
changed several times, exactly the same feature occurred. This was 
extreme example, but the same thing might seen modified 
degree nearly every case. Practically, the water did not down 
vertically nearly vertically, and was just erratic piece 
paper let fall through the air. 

Taking into consideration how extremely easily the resistance 
the surface film might broken, and the fact that badly managed 
water-works was sometimes purposely broken, seems the 
speaker that this tendency irregular resistance the sand, con- 
stantly increasing the film grows older, the explanation the 
fact that thin supporting bed does not all cases give good 
result athick bed. doubt very much depends upon the uni- 
formity the grains sand, for perfectly ‘clear that all the 
grains are the same size, re-sorting could not take place, and would 
make difference did. 

For these reasons, his own practice had increased the thick- 
ness the bed fine sand ft. begin with. room 
for reduction the depth ft. 6ins., ft. maximum, 
caused the successive operations scraping the surface. The 
period between the scrapings depends very much the weather and 
the condition the water, but the average England from 
days. 

There doubt that, one way another, the surface film 
should allowed form before the water filtered for use, and, 
time can afforded, seems better allow that film form 
sedimentation rather than filtration, immediate filtration 
after scraping always carries suspended matter into the sand. 

The practice set out Mr. Hering and Mr. Lindley very much 
the practice which English engineers have lately attained. The 


. 
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automatic regulation the water filtered most important, and Mr. Deacon. 


recent practice the speaker has always adopted it. goes rather 
further than Mr. Lindley; and not only regulates the flow automati- 
manner that any interference with the surface the film takes 
place any moment any place, will recorded immediately 
the suddenly increased flow. 

Similarly, the rate diminution flow owing increased resist- 
ance the surface film constantly recorded. The depth water 
above regulated float, and remains practically con- 
stant, but the head below the filters determined passing the 
water over stand-pipe the clear-water tank having its overflow 
between and ft. below the level the water the filter beds. 
Within that limit the head controlled valve between the filter 
and the stand-pipe. attendant’s business set this valve 
daily, that the meter will not record more than the prescribed 
maximum flow nor less than the prescribed minimum, and each such 
setting duly recorded the meter diagram its appropriate time. 
These diagrams, which make known any irregularity, are transmitted 
the water-works office periodically. 

The use some such automatic and restrictive records these 
probably the best possible safeguard against those sudden introduc- 
tions changes the surface film which are known occur, and 
which render possible the passage bacterial life through the filter. 

observed that filtration plant thus controlled does not 
require workman superior intelligence manage it. When once 
understands that keep the flow through each filter within 
the two limits prescribed the diagram, there difficulty 
ever; and if, from other causes, any irregularity should occur, can- 
not escape the graphic record fail known when the dia- 
gram reaches the office. 

so-called mechanical filters, the class without coagulants 
little use, except for straining purposes. With coagulants used from 
day day under intelligent direction, mechanical filters will, when 
the best working condition, produce results nearly equal those 
sand filtration. But practical working the speaker does not 
believe that this can so. The proportioning the coagulants can- 
not automatically done perfect manner. The work has 
put into the hands much more intelligent men than those required 
for sand filtration, and knows means securing anything 
like the same uniformly efficient conditions those readily 
obtained from properly constructed sand filters, provided with appa- 
ratus for recording automatically all the changes, whether prescribed 
irregular. 


Sand filters are nothing not sure defenses against the passage 
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bacteria. nine cases out ten this their principal object; and 
where so, the speaker satisfied that for public supplies sand 
filtration, properly better than any other known device. 


who has consider water filtration problems different parts 
America, the speaker thinks there point more deeply impressed 
his mind than that the waters from different sections the country 
possess large degree distinct individuality reference their 
purification. Having listened the excellent this topic 
Mr. Hering, the description the Warsaw filters Mr. Lindley,* and 
the discussion English practice Mr. Deacon, thought that 
would interest look the subject for few moments from 
the standpoint the applicability different methods purification 
different types water. 

One the fundamental principles water purification, viewed 
from experience America, that the quality and the composition 
the water filtered are factors prime importance. This par- 
ticularly with American surface waters, where there are wide ranges 
character. this discussion consideration given only surface 
waters, and not ground-waters which may need treatment for the 
removal iron. With the surface waters from different sections 
the country, the most variable features, from the purification stand- 
point, are with reference turbidity and color. turbidity meant 
the sand, silt, clay and those matters amorphous and organic 
nature which are contained the water suspension; and color 
meant the vegetable matter which dissolved the water, and 
which gives what called many vegetable stain. 

the original application water purification, improvement 
the appearance the water was, course, the Within 
the last fifteen twenty years the problem has changed, well 
known, and, fundamentally, the object now secured the 
removal those bacteria which are associated with the causation 
disease. looking the problem from that point view, may 
interest point out difference which occurs between condi- 
tions America and Europe. 

Europe, particularly England and the western portion 
the Continent, or, more accurately, with those filtered waters with 
which American engineers are more familiar, the speaker understands 
that generally true that the water filtered eliminate 
the bacteria, the appearance the water satisfactory. That 
say, the effluent satisfactory from hygienic standpoint, not 
necessary give attention the appearance the filtered water. 
But America the reverse this would true numerous 


Owing Mr. Lindley’s illness, his discussion could not prepared for press. 
possible, issued the next volume Transactions. 
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instances. many places—not the northeastern portion the Mr. Fuller. 


country, but the South and Central West—the character the waters 
such that the water after filtration satisfactory appearance, 
also substantially free from bacteria. This shows, general 
way, difference, which perhaps seldom appreciated, the condi- 
tions America and Europe. The reason for this, course, 
that the clay particles found the southern and western waters 
America are much smaller size than the bacteria. fact that 
many the clay particles these waters are not more than 0.00001 
in. average diameter, about one-tenth the size the ordinary 
bacterium. Some the clay particles are still smaller, and, without 
doubt, our estimates their size are much limited the present 
facilities for measurement under the microscope. 

While filtered water, course, should primarily free bac- 
teria practicable, appears the speaker that the appearance 
the water should also satisfactory, order fulfill requirements 
that many water consumers judge the character water its 
appearance; and, regardless the hygienic side the question, 
not look with especial favor upon water which either turbid 
colored considerable degree. Public opinion America appears 
undergoing gradual but distinct change this 
ored and turbid waters which seemed acceptable few years ago 
are now complained many instances; and, the opinion the 
speaker, the development the water” trade and house 
filters, suggestive conditions which water-works engineers must 
consider the near future. 

When turbid waters America are purified for hygienic 
reasons, seems the consensus opinion that the purification 
works should yield effluent which also practically free from 
turbidity all times. With waters containing much vegetable stain 
opinion varies widely. America would seem that the 
amount permissible (dissolved) color first-class water one 
the most unsettled points present, connection with water supply 
and water purification. The permissible limit depends, course, 


degree, upon the point view the observer. Perhaps 


most critical observers present America are the water consumers 
themselves, who judge the appearance the water bulk with 
white background they see their tables and porcelain-lined 
bath tubs. 

decide, conservative and reasonable manner, upon the 
permissible amount dissolved color water for the future require- 
far the speaker has been able form judgment upon this matter, 
would inclined place the limit 0.30 part dissolved color 
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the platinum-cobalt standard. This amount color about half 
that frequently seen many waters the eastern part America, 
and about double the amount found the southern and western waters 
after the removal the suspended silt and clay. 

Returning now the character the American waters, may 
said, general way, that there are three types, viewed from the 
present standpoint purification. There is, first, the water from 
those comparatively short rivers, and from lakes and ponds, which lie 
within the glacial drift formation, that is, the waters best known 
those New England and the northern Atlantic States. There 
also another very type water which lies south the glacial 
drift formation almost entirely, that is, the large rivers lying south 
and including the Potomac, the Ohio, the Missouri, and extending 
from the Atlantic Ocean west the Rocky Mountains. Between 
these types there intermediate class resembling measure 
the two; such waters are found the Delaware, the Susque- 
hanna, the Allegheny, and rivers which lie along the dividing line 
between the drift formation and the section country where the 
drift absent. 

attempt make comparisons these types water 
very difficult matter the present time. the first place, the 
amount analytical evidence, with few exceptions, very meager 
indeed, and especially with reference results from samples which 
represent the normal and maximum conditions which the engineer must 
consider the design purification works. There also another 
reason why these data are somewhat wanting the significance they 
carry, and that the lack uniformity the analytical methods 
used obtaining the results. This latter point becoming realized 
more and more clearly engineers, and also the anaiysts them- 
selves. passing, may interest state that effort being 
made correct this state affairs. the last meeting the 
American Public Health Association section Chemistry and Bacte- 
riology was formed, and there was appointed under that section 
Standing Committee consider the question Standard Uniform 
Methods Water Analysis. Ultimately, hoped that some good 
may come this. 

Comparing with each other these general types American sur- 
face waters regard the turbidity, suspended matters which 
they contain, may said that those bodies water lying wholly 
the area the glacial drift formation, such waters that the 
Merrimac, Connecticut, Hudson and Passaic Rivers, carry from about 
parts per million suspended matters annual average. 
This quantity greatly exceeded times heavy floods, and the 
case the Merrimac River the amount suspended matter has been 
known exceed 1000 parts per million. The conditions the spring 
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freshet this instance, however, were abnormal. With regard the Mr. Fuller. 
character the turbidity this type water, may stated that, 
comparatively speaking, caused fine silt, and not clay. 
Accordingly, type water which not very troublesome its 
purification, the silt can removed quite readily subsidence. 

The waters the second class, those the South and West, con- 
tain very large amounts suspended matter. annual average 
amounts the Ohio River water have been found 230 and 350 
parts per million Cincinnati and Louisville, respectively. the 
case the Mississippi River water there are records showing the 
annual average amount suspended matter St. Louis about 
parts per million, and about 560 parts New Orleans. These 
records cover information obtained different times during the past 
fifty years, and are means strictly comparable with each other. 
They are sufficient, however, show that this general type water 
contains roughly from twenty-five fifty times much suspended 
matter, average, the waters the northern Atlantic sea- 
board America, and also the English river waters the latter are 
known Americanengineers. From practical purification stand- 
point the comparative difficulty handling the very turbid river 
waters the South and West means adequately shown 
the annual average amounts suspended matter. There are 
several reasons for this. the first place, the periods con- 
tinue uninterruptedly for many weeks, and, some instances, extend 
over several months, during which time the suspended matters vary 
very rapidly and continue normally excess the annual average, 
reaching times more than 000 parts per million. Another feature 
great importance explaining the difficulty purifying these very 
turbid waters the fact that considerable proportion, say about one- 
fourth. the suspended matters consist minute clay particles. 
The sub-microscopic nature these particles has already been referred 
the speaker, and may further added that practically 
impossible remove them subsidence. 

The third, intermediate, class water, such found the 
Delaware, Susquehanna and Allegheny, contains suspended mat- 
ters ranging apparently from about parts per million, 
average. duration flood periods, proportion clay particles 
and the size clay particles, this class water stands intermediate 
between the two previously described. The evidence, however, shows 
that some instances there are decided complications from coal dust 
and mine drainage. 

With regard the amount dissolved color vegetable stain con- 
tained these general types water, may said that many, but 
means all, waters the first class contain more color than 
considered some satisfactory. this class waters the 
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glacial drift area there must added swamp waters from all sections 
the country. attempt will made detail the general 
evidence the color this type water, partly because lack 
available comparable records, and partly because the unsettled con- 
dition the problem what amount color permissible first- 
class water supply. 

The dissolved color the waters the second and third types 
not factor practical significance, far has been able 
learn. Undoubtedly, organic matter capable producing vege- 
table stain reaches these turbid waters, but seems removed 
the streams and settling basins. Apparently, becomes united the 
silt and clay particles (hydrosilicate aluminum) and settles the 
bottom with them. measure, this may called filtration silt 
and clay through water. 

From this account the conditions met with America, will 
seen that the method purification adopted any instance 
must adjusted the requirements the water under considera- 
tion. Further, the character many surface waters America 
such that, the design purification works which shall successfully 
meet the requirements the future, careful attention must given, 
not only the question bacterial removal, but also the decolori- 
zation and clarification the water. 

the methods purification now considered America, there 
are two important ones, has been very clearly shown Mr. Her- 
ing, who has described and compared their leading characteristics. 
The nomenclature used this line work quite 
transitional and unsettled state. The term ‘‘filtration was 
satisfactory long was applied waters which were not exces- 
sively colored turbid. Since the subject has grown and included 
the consideration the more complicated types water, the term 
comprehensive. For many waters, filtration itself inadequate, 
and there are required connection therewith plain subsidence, 
coagulation, and supplementary subsidence. some places the ex- 
With regard the two methods filtra- 
tion proper, they are variously spoken sand, English, slow 
filters, and mechanical, American, rapid filters, respectively. 
Upon comparing the two methods filtration when each operating 
differential features, which the most important the physical con- 
dition the water enters the sand layer. many seems de- 
sirable avoid nomenclature which gives undue prominence one 
superficial feature, and use name which implies series condi- 
tions requisite for first-class work. these engineers the two 
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methods are English and American filters, respectively, from Mr. Fuller. 


the countries where they are first developed. 

Water purification practical scale America its infancy. 
Ten years ago its application was almost nominal. During the past 
decade, however, considerable progress has been made the small 
citiesandtowns. may said, general terms, that there 
are about English sand filters service America, having area 
about acres, and yielding about 000 000 galls. water daily 
average. There are also service about American, mechanical, 
filter plants, having nominal capacity about 250 060 000 galls. 
daily, but actually supplying consumption only about half this 
quantity. 

With few exceptions, these purification plants both methods 
are very small, and there comparatively little information available, 
showing continuously detail the efficiency and the cost operation. 
Under these circumstances, American engineers are obliged base 
their detailed knowledge water purificution, large measure, 
upon the results European experience and the careful investiga- 
tions made experimental scale Lawrence, Providence, Louis- 
ville, Pittsburg and Cincinnati. The European experience, 
connection with the purification waters comparable those now 
filtered abroad, has been carefully followed America for many years, 
beginning with the classical report made the late James Kirk- 
wood, Am. Soc. E., for the City St. Louis. For the purifica- 
tion the more difficult types water, due color 
turbidity, dependence now placed the laws purification 
deduced the special studies the cities just named. Upon the 
more important points considered that this evidence substan- 
tially correct for the types water actually studied, and now 
being used guide the design and construction purification 
works for number the larger American cities. 

Concerning the relative merits the two leading methods puri- 
fication, the experience the speaker has led him the opinion that 
English sand filters, rule, are most satisfactory point effi- 
ciency and economy for those waters for which they are strictly appli- 
cable. Such waters may the non-clay-bearing waters, 
which are only slightly moderately discolored vegetable stain, 
and which are found the first type waters mentioned this dis- 
cussion. Although well known that these filters have decided 
limitations the successful treatment very colored and very turbid 
waters, difficult matter present define satisfactorily the 
dividing line between those waters for which this method purifica- 
tion applicable non-applicable. There are some cases which 
this method strictly applicable for the local water where prob- 
able that its adoption would inadvisable the ground cost, 
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owing the area which requires, thus necessitating isolated 
location and extra pumping the water. Notwithstanding the 
fact that English sand filters are applicable for far smaller propor- 
tion the American water supplies than was generally considered 
the case few years ago, the opinion the speaker that they 
have large field usefulness America, and that they will 
adopted many places within the next few years. 

Referring the construction and operation English sand filters 
America, may fairly said that the recently completed puritica- 
tion works Albany, Y., designed Allen Hazen, Am. Soc. 
E., and described recent paper* before this Society, may taken 
representative the best current knowledge this line, based 
both European experience and American investigations. These 
filters differ much from the older filters Europe, but not differ 
very materially the more vital points, when compared with the 
best modern tilters abroad. Nevertheless, they have individuality 
theirown. Among the more interesting and important features 
the Albany filters, from the standpoint and economy, are 
the arrangement the floor with the thin layers gravel support 
the sand, and the means taken prevent the passage water 
between the and the sand. 

The recent estimates made for English sand filters number 
American cities are the basis average capacity 000 000 
galls. (U. per acre view the fact that the maximum 
consumption some places ranges from 50% above the average, 
during very hot and very cold weather, the rate would times reach 
between 000 000 and 000 000 galls. per acre daily, even with moder- 
ately large distributing and compensating reservoirs. From present 
evidence this seems reasonably safe for very short periods, unless the 


water should excessively polluted. fact, appeared 


experimental evidence obtained several years ago Lawrence and 
elsewhere, that, with some kinds water, rates 000 000 and even 
500 000 galls. per acre could safely used. More recently, how- 
ever, the very careful studies made Lawrence, with reference the 
passage Coli Communis, the leading intestinal bacterium, 
indicate that these rates are too high for such waters that the 
Merrimac River. the event that rates filtration have 
increased materially, meet unusual conditions consumption, 
experience indicates that the changes should made gradually and 
not suddenly. fact, proper regulation the rate filtration 
now universally recognized essential feature successful filtra- 
tion; and the introduction devices secure this end shows one 
the most marked improvements the new over the older filters. 
There some difference opinion America concerning the con- 
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ditions under which covers should provided for English sand Mr. Fuller. 


filters. few years ago was thought that this could settled 
the mean January temperature, the basis that covers would 
required where this temperature was below the freezing point. 
More detailed studies temperature conditions, however, show that 
every few years there are exceptionally cold winters during which 
there are many days succession when would not practicable 
scrape open filters, that the foregoing rule seems question- 
able. According the opinion many engineers, experience will 
ultimately show that covers are advantage nearly all points 
and north the Potomac and Ohio Rivers. should 
would necessitate covers nearly all the American territory where 
English sand filters now appear applicable. With regard the 
effect which covers produce upon the bacterial the filter, 
connection with vegetable growths, this point upon which 
there very little evidence America. 

With regard the American mechanical filters, well known 
that they are proprietory devices comparatively recent origin. The 
more important patents, however, will expire shortly. Prior 1885 
these filters were used exclusively the treatment water for in- 
dustrial purposes for the removal vegetable stain and turbidity. 
Since that date they have been introduced for the purification 
many water supplies, and during the last few years progress 
has been very rapid. For the most part they have been installed for 
small works, not much because they were necessarily the most ap- 
plicable process for each water, but rather perhaps account the 
filter companies guaranteeing certain results with devices fairly low 
first cost. 

1895 very little was known the hygienic cost 
operation these filters. Naturally, they were not looked upon with 
iavor the great majority engineers. During the last five years 
there has been great increase our knowledge the leading features 
connected with these filters. This particularly the detailed 
knowledge coagulating processes, which are such vital matter 
this type Without coagulation one can expect from them 
hygienic efficiency. already stated, the proper degree coagu- 
lation the water enters the sand layer the keynote their 
successful work. When this satisfactory, such factors rate 
filtration, size sand grain, thickness sand layer and detailed 
method cleaning the sand layer, appear, within reasonable 
drop into comparative insignificance. one time was quite 
universally feared that the use such coagulants sulphate 
alumina might result prejudicially the health those using water 
purified this manner. result most careful studies upon 
this point, may now stated that when the coagulant applied 
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proper quantities the presence proper quantities alkaline con- 
stituents the water, there need fear undecomposed chem- 
ical the effluent. With this process imperative that the 
supervision should such that time should the inadmissible 
result met applying more coagulant than can completely 
decomposed. this decomposition there conversion the 
carbonates lime and magnesia into the sulphates these bases, 
with the liberation corresponding quantity acid, 
The alumina itself is, course, removed flocculent precipitate. 

the merits filters this type were judged from the 
general knowledge their efficiency, now obtained practice 
the majority cases, the indications are that would not receive 
rating the highest grade. This seems due, part, lack 
the necessary skilled supervision small plants, and, part, 
desire avoid the expense applying quantity 
coagulant. From the results extended investigations upon the 
subject, however, considered that sufficient knowledge available 
design and operate this method plants which will give first-class 
results, when judged practically from the highest plane excellence. 
From the added knowledge tests short duration upon recently 
constructed plants practice, felt the speaker that the laws 
this process, far they have been formulated, are substantially 
sound and accurate. 

the applicability this method purification, 
the judgment the speaker that, for the non-clay-bearing waters, 
which are low amount dissolved color, is, rule, less 
suitable than English sand filters. This based the present 
general evidence that for this type water the English filters can give 
thoroughly satisfactory and total cost equal 
slightly less than that American filters; that the use coagulants 
avoided where not imperative; and that the use coagulants 
for these waters especially undesirable and exacting the control 
their application, due their low alkalinity. There are, course, 
exceptions this general rule, such, for instance, cases where the 
compact form the American filters would permit location where 
extra pumping would avoided, and where this could not done 
with English filters. 

The especial field usefulness for the American filter connection 
with the purification those waters which are either highly colored, 
highly charged with sub-microscopic clay particles, that im- 
possible obtain satisfactory results without the use coagulants. 
With waters which require coagulant, either constantly for the 
great majority the time, the present evidence shows that, rule, 
the American system purification the better. For very turbid 

waters this system consists plain subsidence, coagulation and sup- 
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plementary subsidence, and mechanical filters. For such waters the Mr. Fuller. 


use English sand filters would increase the total cost somewhat; 
they would give normally higher grade purification; they would 
more difficult operate; and, for the latter reason, there would 
tendency for them yield less satisfactory effluent times when 
the river water would most variable character. 

explanation the point that, with English filters, purification 
plants for very turbid waters would more difficult operate, may 
said that the great rapidity with which the character the water 
changes makes very difficult, and measure impossible, apply 
all times just the proper quantity coagulant the inlet the 
coagulating basin. Obviously, this would kept low consistent 
with good efficiency, for the sake economy. should found 
that the application was too small, possible with 
American filters correct this adding more coagulant the water 
reaches the filters, thus maintaining the efficiency the plant. With 
English filters this not possible, because, the coagulant were 
applied the outlet the coagulating basin, would clog the surface 
the sand very quickly, and put the entire plant out service for 
some Jittle time. From standpoint, the speaker attaches 
great importance this feature, which was repeatedly noted during 
the investigations Cincinnati. 

There has yet been very little experience the purification 
waters containing large amounts dissolved color. Judging from 
experience with the recently completed works Norfolk, Va., 
appears that the American method with mechanical filters the better, 
for reasons similar those stated for the clay-bearing waters. 

Concerning the purification those intermediate types water, 
which for short periods are moderately colored turbid, there are not 
sufficient data draw any well-defined lines. careful local 
conditions, with reference the characteristics the two methods 
purification, can alone settle the matter properly for the present. 

Sc.*—The remarks the American practice with 
mechanical filters have greatly interested the speaker. Speaking 
English chemist and bacteriologist, thought that the lesson 
learned from this discussion was that English engineers should give 
these mechanical filters trial this country, parallel the trials that 
American engineers were giving the English method sand filtra- 
tion. Mr. Fuller’s remarks seem show that there future for 
mechanical filters England, where recent practice has been 
away with the sand-filtered water supplies from rivers, and tothe 
mountain and upland surface waters, many which, containing vegeta- 

ble coloring matter, would seem very amenable this mechanical 
filtration. These waters frequently give rise plumbism. With 


* London. 


Dr. 


. 


Dr. Rideal. 


418 DISCUSSION FILTRATION WATER. 


mechanical filter using alum (and lime, the water not sufficiently 
hard from carbonate lime), the coagulant would correct that evil; 
that with mechanical filtration, using alum with without lime, 
should effect the removal the vegetable coloring matter and prevent 
plumbism the same time. method sand filtration seems 
generally give better bacterial purity than the mechanical filters, 
may due the fact that the latter have been worked much greater 
rate, and perhaps with the minimum quantity coagulant, without 
due regard the reduction bacteria; difference that doubtless 
could removed. 

Neither method filtration can, however, regarded satisfac- 
tory means for preventing the appearance pathogenic germs 
water. matter how small the fraction the organisms left, there 
might among them some which might injurious health. 
Therefore, although either sand filtration mechanical filtration 
very good live defence, not the only line defence upon 
which one should rely. 

The speaker believes that the question sterilizing water will soon 
become prominent, and that the removal pathogenic organisms can 
only effected satisfactorily and economically heat sterilizing. 
used the term sterilizing somewhat misleading phrase) pur- 
posely, because wished body engineers that 
not question heat sterilization all, but temperature condi- 
tion. The organisms are killed when they reach certain temperature, 
and maintenance this condition does not necessarily involve the 
expenditure any energy. 

The problem bringing body water high temperature, and 
keeping that temperature sufficiently long ensure the death 
the organisms present, one which believes would worth while 
for engineers this country and the States pay special attention 
to. The cost bringing very small quantities water—perhaps two 
three pints per head the population, instead the 
gallons—to temperature which will ensure the killing off the 
pathogenic organisms, cannot very large. proper system in- 
coming and outcoming the water, and possibly vacuum jacket 
such used for maintaining very low temperature, the expendi- 
ture the heat energy, either gas electric heating, which would 
required for bringing about such local sterilization water for 
potable purposes, would very small indeed. Probably the States 
well asin this country legislation could brought bear the 
same way that now have by-laws for limiting the quantity waste 
flushing closets. this way would possible for the munici- 
palities supply every consumer machine for producing sufficient 
sterilized water for potable purposes, while leaving the supplies and 
mains their present condition. 


q 


DISCUSSION FILTRATION WATER. 419 


Henry Davey,* Inst. E.—The speaker thinks that high Mr. Davey. 


tribute due Mr. Hering for his discussion, which the case 
stated very clearly, and which opinions are expressed which seem 
perfectly accordance with the facts practice. this question, 
and referring only the English practice, what has been termed the 
sand filter, the speaker, who for many years has had charge very 
large beds dealing with large quantities very impure river 
water which necessary filter and bring into proper state for 
domestic use, has very little say, because the general principles 
have been thoroughly stated that could only repeat what has been 
already said, into minute questions detail which would not 
profitable. 

would, however, like emphasize what has already been said. 
The question sedimentation highly important one. storage 
reservoirs can made sufficiently capacious, the quality the water 
may improved that the work the filters reduced. the 
sand filter, has been pointed out already, only the thin layer 
the surface that does the work, and the object maintain that thin 
stratum quiescent state order that the bacteriological effects 
may properly take place. The rate filtration, then, important 
point, because time must given for these bacteriological operations. 
Four inches per hour has been named, and that, according the 
speaker’s experience, good practice England; but, Mr. Deacon 
has intimated, the longer the filter works, the less will rate. 
average ins. taken, may too rapid begin with. 
know that when the water put the filter immediately after the 
filter has been cleansed, that there very little effect—the water goes 
through. The filter should worked for the first two three days 
exceedingly low order produce the film that neces- 
sary without letting many bacteria through. When the filters are 
newly made they should worked very slowly indeed get the best 
results. Much depends the class water, but, from the speaker’s 
experience, ins. per hour should the maximum with waters that 
are high bacteria. 

Although thin layer sand all that necessary maintain 
the surface film, yet considerable thickness desirable, for the 
reasons which have been mentioned Mr. Deacon. The speaker has 
found that section the filter bed having depth sand say 
there are streaks pollution through the sand, showing that 
that had been very much thinner much polluted matter would have 
gone through. thinks safe thing have great depth 
sand, but, has been already pointed out, should sand and not 
pebbles and gravel, which are only usefulasa support. important 
point which has given the speaker considerable trouble that, unless 
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the inlet the filter properly constructed, the current water 
around disturbs the sand, and the water once finds its way down 
through without the surface film being formed. not necessary 
into the actual construction, but merely mention that the 
bution the water over the filter and the filter, such way that 
the surface not disturbed, important point taken into 
consideration. 

some the learned gentlemen who have discussed these questions, 
and who have had experience filtration, explain how eliminate 
from the filtered water, has gone through the filter, all the 
filthy things, such the drainings from cesspools, stables, dye houses, 
tanneries and everything that borders the streams which flow into 
the river; how can all those impurities, which are held solution, 
eliminated, and good water secured filtering? 

The real secret this evil consumption foul water lies often, 
and, indeed, most cases, the short-sighted, make-shift way 
which communities treat this, one the most important subjects 
connected with their life and health. numerous instances, all over 
this and other countries, large cities and small communities, upon 
this plan doing things, have ex- 
pended large sums upon impure water improvement, knowing 
the start, and growing every year; and, even with such 
experiences, and enlarge the same, great outlays money, 
which they only increase existing evil, instead putting the 
knife the root and expending their money for new plant secure 
pure, approximately pure, water. Philadelphia, Pa., and Bangor, 
Me., are striking examples this class. short, the speaker does not 
believe practicable possible obtain pure water filtering 
water which loaded with impurities held solution when the filtering 
process begun. 

The surest way get pure water further and spend more 
money and get water that pure and fit use, without the artificial 
and never-satisfactory process filtering. 

Dr. apparently easy point out many short- 
comings the introductory discussion, and practically this what 
has been attempted the various speakers. But closer examina- 
tion appears that all that has been said may found very 
concise form Mr. Hering’s discussion, the interesting discussions 
being but instances the general principles laid down basis. 

There is, however, one important point which necessary em- 
phasize. The action sand filtration essentially biological one. 
The mechanical action straining obvious; but, microbes are much 
smaller than the interstices between the grains, this action alone does 
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not account for their retention, and absolutely inadequate for the Dr. Kemna 


reduction the dissolved organic matter. Various theories have been 
proposed; the one which considers reduction fermentation 
consistent with the greatest number and the greatest variety facts. 

So, for example, apparent contradiction can easily explained. 
Animal pollution easily reduced filtration, while have 
the authority Mr. Fuller that vegetable color extremely hard 
remove. Now know from our school chemistry that vegetable 
organic compounds are much more stable than animal nitrogenous 
contamination; the filter masters the one and fails with the other. 
Besides, microbes not act all substances; racemic acid the tar- 
trate will destroyed and the right remains unaltered; similar cases 
are likely occur with the mixture call organic matter water. 

Negative proofs can given that biologicalaction. moderate 
climates, the bacterial efficiency sand filtration over but 
colder climates, like Warsaw and Odessa, only 96% reached, and, 
according Simin (Moscow), the reduction low per cent. 

There was spell sharp frost over Western Europe December, 
cold had not set three days before the filters Antwerp 
gave insufficient bacterial and chemical purification. The size 
pin’s head the slimy upper layer gives the field the microscope 
generally over 200 living organisms, chiefly diatoms; during the cold 
there were and seems reasonable admit that their vital 
activity also greatly diminished. chemical process (iron and marble) 
was applied with good results insure the quality the supply. 

Another proof the interesting fact that Louisville, according 
Mr. Fuller, ordinary sand filtration does not work; the high tur- 
bidity the Ohio water shuts out the light, which essential the 
development diatoms. 

The sand filter has been, and still, many places, very simple 
thing; heap sand; water poured the top and extracted 
from underneath; worked foreman, who knows, course, 
how much water pumps the filters, but cannot always tell 
how much each particular filter doing, its speed, generally the 
filters are left settle that between themselves. This the acme 
simplicity. 

But now compare with what has been said the present time. 
the intake end, Mr. Lindley* wants very elaborate arrangement for 
subsidence, worked differently according meteorological data. 
summer the water made travel downward; winter 
take the reverse course. The admission the filters regulated 
automatic processes keep constant level above thesand. The 
filter itself, described 1889+ presented many special features, 


* Owing to Mr. Lindley’s illness, his discussion could not be prepared for press. If 
Possible, it will be issued in the next volume of Transactions. 
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namely, series layers gravel systematically arranged. The water 
not allowed leave the filter without having pass special cham- 
ber, with automatic machinery regulate its flow. But its troubles 
are not over yet, for now comes Dr. Rideal, who says, effect, that 
filtration does very well; takes out series 9’s microbes, 
but that wants kill heat the last one. these various pro- 
cesses added together make long list complicated appliances. 

has been said that facts are the only things considered engi- 
neers. But facts are nothing themselves and they get bearing 
only conjunction with theory explain them; contended 
that there theory, that means only that there avowed theory 
and that are led unconscious one. Can there any doubt 
that outspoken theory, which can discussed, preferred? 
The very common belief that theory practical avail and 
the best intellectual luxury utterly wrong; inquiry 
causes phenomena and the reasons for things, and therefore 
absolute necessity. better example can adduced than sand fil- 
tration itself, which made progress during fifty years, and was 
rapidly modified and perfected soon the biological theory gave 
the right explanation. will pay examine the light our 
theoretical knowledge, far possible, the various complications 
which have been proposed the ordinary sand filter. But the 
same time must keep mind that there are practical limits. 

Taking again the course the water, meet first sedimen- 
tation, relied upon England for improving the quality. Direct oxy- 
genation the explanation which probably the minds most 
engineers; but experimental proof this action could not given. 
Mr. Fuller has suggested another cause—the subtraction dissolved 
organic matter the suspended clay. Then there vegetable life 
favored light, which also does good deal. But still open 
question whether the amount preliminary purification worth the 
money invested large reservoirs. 

When the water kept constant motion, Mr. Lindley’s scheme 
seems the best ensure the utilization the full volume the 
reservoir for decantation. The walls and partitions necessary make 
the different channels are small extra cost when the reservoir 
ordinary open reservoirs are used, the surplus expenditure becomes com- 
paratively large. can avoided altogether, however, subdivid- 
ing the reservoir into separate sections, successively drawn upon, and 
which there will flow all; many observations seem show 
that there better settling with few hours’ complete rest, than with 
long run even very slow speed. This very simple theoretical 
consideration enables consider the complications the intake, 
not absolute advantage all cases, 
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great deal simplification has been done Mr. Lindley him- Dr. Kemna. 


self the gravel. The only part the gravel has play give 
support the sand and exit for the water; and soon this 
done efficiently, nothing more wanted. 

The thickness the sand much-discussed question; the small 
size the grain all-important for the mechanical action strain- 
ing; the thickness the bed all-important with the physical theory 
surface action, very popular some decades ago, when chemistry 
told that dissolved matter was abstracted from the water. But 
undisputed fact that quartz has only very limited power adhe- 
sion, quite unlike that which marked with aluminum compounds. 
the light the biological theory, the sand something like the 
gravel—a support the superficial living layer. The well-ascer- 
tained fact that thick filters give effluent more constant bacteri- 
ological composition has received simple mechanical explanation 
from Allen Hazen, Am. Soc. E.; the superficia] layer 
broken some places, thick bed sand allows only small 
direct flow, and contamination kept down minimum. 

the reduction dissolved organic matter fermentation, 
some time must allowed for it; the retention the microbes 
sort compromise between the erosive mechanical action running 
water and the stickiness the stuff coating the sand grains; for these 
two reasons the rate filtration must kept within certain limits. 
The ins. per hour, about 2.5 per day, the limit fixed the 
German Imperial Health Office; limit, and, the engineer 
Birmingham has very well pointed out, that speed cannot always 
given. The pace aman walking is, say, m., but that cannot 
expected from child. When filter has just been scraped its 
infancy and must worked very gently first. soon the fil- 
tering layer has formed, the speed may increased, and, according 
experience Antwerp, may much more than the ins. per hour 
and still give good results. 

The suggestion Dr. Rideal sterilize the water based the 
fact that some epidemic diseases are caused water-borne microbes. 
obvious that absolute security can only obtained complete 
sterilization, but the practice fifty years’ filtration proves that the 
risk contamination exceedingly small one. heating appara- 
tus for thousands cubic meters means large expense; special 
canalization for few liters water day another big item. 
question whether that very small increase security worth the 
extra expense, the more the temperature 70° Cent., men- 
tioned Dr. Rideal, will certainly not kill all the spores, some 
which are very resistant. 

The discussion has wavered between English and American filters. 
both cases sand applied, but that the only point they have 
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common. both cases this point unimportant, the sand being 
only support—in the ordinary filter support layer alge and 
clay which biological actions are prominent—in the mechanical 
filter, merely for straining out the coagulum. Ordinary sard filtration 
not all artificial process. cannot order life multiply, 
and the microbes and work special way; are com- 
pletely their mercy. the mechanical filter compound 
known composition and predetermined reactions used which 
can adequately dosed. The comparison between the two processes 
really antithetic one. 

useless emphasize the necessity purifying all superficial 
waters when used for distribution. only question cost, 
depending, course, the amount water treated; that 
the possibility bettering supply intimately connected with 
the stoppage leaks and wasteful use. This appears very 
large England and absolutely enormous America. causes 
large expenditure provide wafer, the tenth part which only 
really used. also increases the amount sewage, making here 
again purification more costly, and contaminating the water-course, 
sometimes the very river from which the supply derived. Generally, 
people are shrewd enough not pump the same water over and over 
again, but send down the river the town below. the first case, 
the course the water circulus life; the second case, 

Referring the remarks Mr. Walter Hunter, the speaker feels 
bound say that the abandonment bacteriological analyses for 
the watet-supply six million people step the wrong 
direction. 

Answering Mr. Greene, must admitted that pollution cannot 
kept out, and must therefore dealt with. This the filter does, 
and the fact should emphasized, that sand filtration not arti- 
ficial theoretical process, that natural process, especially 
because that process exactly like what goes the purification 
springs, which invalidates the sentimental argument against purified 
river water. clear, beautiful, wholesome spring something 
which comes out the ground; but before coming out was in; and 
before being had come from above rain water through 
the air. The first stage entrance, viz., the percolation through the 
upper layers soil stage enormous pollution, much greater 
than that any stream. But lower down all taken out the 
natural agencies the soil and series very complicated chemi- 
cal, physical and bacterial processes, exactly the same the sur- 
face layer filter. Engineers and scientists who have charge 
sand filter cannot claim that they the work; the filter 
which does for them, and does very well. 
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which been described previous speakers apply river water. 
Just before the speaker came London had occasion visit 
small plant Zurich, Switzerland, where sand filtration applied 
non-turbid lake water and has been carried for great many years. 
Within the last few years the rate filtration has decreased very 
remarkably, owing considerable increase impurities the water. 
This was due the fast growth and consequent spreading the city, 
the rapid settling and building and providing drainage along 
both shores the entire lake, well the increase navigation. 
these factors may small measure due the rapid increase, 
down increased depth below the surface, animal and vegetable 
(living organisms) especially the clear 
water that beautifully situated lake. 

The water drawn through submerged intake some distance 
from the shore. The filters, which years ago could used for periods 
three four weeks without needing cleaned, had cleaned 
least once week within the last few years, that, for this reason 
alone, quite number the several filter chambers are simul- 
taneously and regular intervals out useful operation, because 
requires one entire day clean one chamber and during two days 
after the cleaning, until new and effective ‘‘film” has formed 
the filter bed, the water from this chamber not deemed fit for 
use, run through the waste. 

order increase the rate filtration and thereby the capacity 
the entire plant, first experiment and now actual usage, 
primary preliminary filter, German called was in- 
stalled, the result being that the original filters proper, now the final 
have not cleaned again within period from 
four five weeks, thus permitting greater number them 
simultaneously useful operation. 

The description the cleaning these preliminary filters may 
some interest, effected, not only reversing the current 
water, but mixing with the latter current air which forced 
through the filter the Vor-filters,” current water alone 
not having given any satisfaction. This preliminary filter retains all 
the coarse matter which, this case, though abounding quantity, 
small size, the Lake Zurich forms large and deep natural 
settling basin. The lake little over miles long, with average 
width about miles, and into empty number mountain 
streams which thus indirectly provide the City Zurich with water. 

spite the rather immense size this settling basin, the silt 
and other mineral impurities, well the suspended organic 
are not settled. means the preliminary filters 
much this matter retained that the final filters have much 
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Mr. Hilgard. less work than before; thus the rate filtration increased very 
materially and much better water obtained. The rate filtration 
m.in hours, which corresponds very closely ft. per 
hour. The filtering plant not very large, and provides supply 
which varies between 000 000 and 000 000 galls. aday. There are 
ten filtering chambers altogether. 

One matter interest connection with this plant the fact that 
these Vor-filters,” not considered necessary when the plant was first 
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built, and being, therefore, afterthought, are designed and built 
novel lines construction, the so-called Hennebique system 
Béton armé concrete). The basins are 
supported above the final pure-filters,” between the pillars the 
vaulted chambers, means very thin side-walls, forming, with the 
intervening floors, sets box girders constructed this special 
method. The construction these filters shown Figs. 
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Vor-filter basin) and Figs. and (sections through primary 
and secondary main filters). 

The raw lake water enters through parts eand (Fig. from below 
into the upper chamber and overflow across the dividing 
partition into the upper chamber. After percolation 
through the primary filter bed and draining through the hollow tile 
floor collects the main under-drain the center and passes into 
the chamber from which descends through the 
lating valve and parts and into the lower receiving chamber 
and from the latter into the lower filter basin, containing only the 
original main pure-filter beds. case the raw lake water found 
sufficiently pure and need not pass through the Vor-filters—not 
improbable certain periods the year—it can enter the pure-filter 
directly closing the valve and opening the valve the trumpet 

order clean the the gate the partition 
between the upper and the “regulating” chambers, 


CROSS-SECTION e-f 


CROSS-SECTION i-k 


Filter Bed of Lower 
or Pure-filter| 


raised allow the raw water enter from the former through 
the latter directly into the collecting drain and rise from below the 
hollow tile floor through the filter beds. the same time two 
coupled ventilators, driven small turbine are set motion, and 
force air through the perforated pipe (Fig. 2), with pressure equal 
the sand, while the top layer the filter bed being thoroughly 
stirred and scraped men with suitable tools. The muddy water 
then drawn off through the trumpet-shaped intake and the connect- 
ing waste pipe, and enters collecting chamber, from which, raising 
the gate (Fig. 5), wasted into the river near by. This operation 
repeated two three times, and the Vor-filters are thus cleaned 
every day the forenoon. the course year the bed the Vor- 
filters has completely renewed. 

Figs. show the floating tube through which the filtered 
water the pure-water chamber discharges into the main, and 
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gravity flows the pumping station. The float regulates the dis- Mr. Hilgard. 


charge according the varying water level due the varying loss 
head the filter. the pumping station the filtered water 
into the different zonen-reservoirs.” 

The cost the entire plant (consisting ten vaulted chambers, 
containing the main filters and Vor-filters) complete (exclusive 
grounds), was about 120 franes per square meter sand surface, 
equal about $20 per square yard. The total area the Vor- 
filters one-tenth that the pure filters. The total area both 

The annual cost operation, exclusive interest, depreciation 
tools and sinking fund charges, that is, labor only, exceeds but 
little the sum 000 francs, making the cost filtering (labor only) 
about $1.60 $1.80 per million gallons, based the present total an- 
nual 000 000 000 000 cu. m., which corresponds 
toan average daily consumption filtered water about 200 liters 
galls. per head for 160 000 inhabitants, daily average nearly 
000 galls. The average scale wages for labor the United 
States and Switzerland being the proportion about and 
the average buying power these wages being the proportion 
between and one dollar for cost dwelling, clothing 
and food, respectively. 

Most the public fountains the city are supplied from springs, 
considerable number which are owned, and others are being 
constantly bought up, the city, even beyond the cantonal boundaries; 
while most the water used for industrial purposes (water-power for 
small industries and trades) not filtered, being supplied from 
special high-pressure reservoir into which raw lake water pumped 
night. 

Within the last year the showed 
average number bacteria cu. cm. water follows: 


ABSOLUTE NUMBER 
Quarterly average.|Annual average. 


Founb. 


| Max. | Min. 
In effluent from pure-filter..... | 16 to 36 7 | 150 | 5 
In filtered water taken from | 
service pipes buildings.... 100 190 140 2360 


Annual report Peter, Engineer Water supply, for 1899. 
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Inst. E.—The speaker agrees with Mr. 
Davey and other speakers the desirability sedimentation before 
filtration, doubt eases the working the filters, but wishes 
present deal especially with Dr. Rideal’s remark, the effect that 
necessary take the last odd microbe out the water. recol- 
lects very well being told Mr. Hawksley, whose name well 
known the water world, that when was the meeting the 
British Association Bristol two years ago, there was learned scien- 
tist there the same profession the learned doctor himself, who 
stated that had put his children sterilized food and water and 
they immediately began droop. found was absolutely neces- 
sary return ordinary food and ordinary water order that they 
might thrive. That practical illustration. The speaker thinks 
owe immense deal the chemist and bacteriologist, who set 
ideal which could strive attain; but still believes they 
sometimes beyond what possible attain practice, and also 
beyond that which really desirable. has noticed that sometimes 
sample water has been termed inferior quality, because hap- 
pened have just double the quantity certain chemical matters 
contained another sample. Take organic carbon, One 
sample had 0.162 100 000 parts, and another sample 0.309, the differ- 
ence 0.147 100 000 parts, Again, organic nitrogen 
one sample was 0.028 100 000 parts, and another 0.033, differ- 
ence 0.005 100 000 parts, These are figures one 
cannot easily grasp, and are really infinitesimal, both samples bemg 
equally good for all practical purposes. 

After all, the great testimony the quality any water found 
the statistics regard the health the community supplied. 
The admirable way which the water supply London conducted, 
for instance, can shown. When the death rate the Metropolis 
is, was week two ago, something between and per 
thousand, and when the average for the year continues from year 
year something between and 19, and when, too, the very small 
amount enteric fever which have this enormous city noticed, 
the inference that the filtration the water carried out very ad- 
mirable way, and that the community has need fear regard 
the quality that water, seems fully justified. Thames has been 
wonderfully improved the action the Thames Conservancy dur- 
ing the past few years. The raw water taken from the river least 
better than was. are able deal with absolutely well 
filtration, taking out something like from 
the microbes, and the chemical analyses, made Sir William 
Crookes and Professor Dewar, and also the government analyst, 
Doctor Thorpe, are most satisfactory. The speaker desires that 


* Engineering Director, Grand Junction Water-Works Company, of London. 
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Doctor Thorpe, the new chemical examiner for London, has dropped Mr. Hunter. 
the system microbial examination which was adopted the late 
Sir Edward Frankland, and confines his attention chemical analysis. 


Patmer,* Inst. (by letter).—Ten years ago the Mr. Palmer. 
writer was induced try Polarite for the filtration drinking water. 
that time had used the ordinary filter bed, made with 12-in. 
layer fine sand, 12-in. layer coarse sand, 9-in. layer fine 
shingle, and coarser material, making total thickness The 
rate filtration varied, according the state the bed, from 470 
galls. per square yard per hours much 650 galls. 

The drinking water supplied Hastings derived from deep 
wells, and highly charged with oxide iron, both suspension 
and solution. This brought out, contact with the air, and forms 
fairly thick deposit oxide iron the surface the filter bed. 
The writer tried experiment with Polarite with very good results; 
filter bed was made with ins. coarse-grained sand and 
ins. Polarite underneath it. The rate filtration was increased 
enormously, and the quality the water after filtration was good 
when filtered slower rate. then constructed some the 
filter beds large receiving chamber having screen between and 
the distributing channels the filter beds filled with Polarite. These 
were about ft. high, and the space between them was ft. 
wide. The water, after being discharged into the receiving basin, 
passed through the Polarite before being turned upon the ordinary 
filter bed. After passing through this material the water was freed 
large part the iron suspension, and analyses showed that 
great improvement had been made the quality the water. 

All the water supplied Hastings, amounting considerably over 
000 000 galls. day, now filtered through Polarite; and present 
the writer erecting battery six mechanical filters, each capable 
effectually filtering 000 galls. per hour. These filters are ft. 
height and ft. ins. diameter. They are made steel plates, prop- 
erly riveted and stayed, and can worked pressure from 
lbs. per square The filtering material Polarite, and 
the results are far beyond any which have yet come the writer’s 
shown the following page. 

Filters similar kind are work Southwold, Essex, and 
Leighton Buzzard. The results obtained the latter place are almost 
extraordinary. The water there charged with iron such extent 
very perceptibly inky taste, but after filtration through 
Polarite mechanical filter, the rate 000 galls. per hour, this 
taste entirely removed. The water, which very cloudy before filtra- 
tion, rendered perfectly clear, and about 90% the iron removed. 


Water-works Engineer the Corporation Hastings. 


Mr. Palmer. 
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Unfiltered. Filtered, 


Turbid. | Clear. 
Greenish blue. | Greenish blue, 
None. None. 
Deposit ..| Appreciable quantity. 
Nitrous acid None. None. 
Hardness before boiling 104° Clark, 113° Clark, 
In grains per gallon. 
Oxygen absorbed from permanganate in 4 
Oxygen absorbed from permanganate in 4 
Total dry residue 26.04 
Color of residue Brownish. White. 


burns off readily. 


Minute trace. Trace. 
0.0019 0.0000 
0.085 Very minute 


6.98 


After experience ten years the use this material, and 
having experimented and tried other methods filtration, the writer 
the opinion that forms one the best filtering mediums 
possible obtain. Water can filtered through perfectly, and 
rate which almost impossible with most materials. can easily 
cleaned, and does not appreciably lose its bulk through cleansing. 

The following are analyses water after having been filtered 
through Polarite: 


Very pale blue greenish bluish 
Inodorous. 

None. 
Poisonous metals None. 
Phosphoric acid Minute trace. 
Nitrous acid None. 
Hardness before boiling. 94° Clark. i 4 10° Clark. 10° Clark. 
Hardness after boiling. . 5° Clark. 


In Grains per gallon. 

Oxygen absorbed from 

permanganate 0.010 
Total dry residue 
Color of residue 
Behavior of residue { Does net blacken 

on ignition (perceptibly. 
Chlorine 7.14. 

Trace. Trace. 


Ammonia 0.0000 | 0.0000 0.0000 
Albuminoid ammonia. 0.0000 0.0023 . 0.0007 


per cubic centimeter. 

Total 5 | 12 | 12 
None. 
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Assoc. Inst. (by letter).—The writer was in- 
terested, few years ago, the design some filtering apparatus for 
atown inhabitants. Six filters were first supplied, and 
shortly afterward tweive more similar kind were provided, that 
their satisfactory performance may assumed. 

The filters were tanks, ft. square, made cast-iron plates, 
and were sets three. few inches above the bottom was placed 
perforated false bottom, supporting wire-work frame which car- 
ried the filtering material, coarse-grained charcoal about ins. deep. 
Between the false bottom and the bottom plate the tank was placed 
branched perforated pipe. Above the filtering material was placed 
wire gauze drum provided with pipe for the dirty water 
and refuse. 

When filtering, the water was brought above the material, and, 
passing down through it, was filtered and escaped through suitable 
outlet. 

When cleaning became necessary, rather, advisable, the outlet 
was shut off, the dirty-water outlet was opened, and compressed air 
pressure about lbs. was passed through the perforated pipes and 
through the dirty filtering material, thoroughly disturbing and 
washing away the dirt through the drum. The water was times 
very dirty, but was not impregnated with sewage. The rate filtra- 
tion was about 120 galls. per foot per hour. The time occupied 
cleaning was about minutes for each filter every 
hours. 

When filters capable dealing readily with muddy water are used, 
settling tanks can advantageously dispened with. 

The usual rate filtering through ordinary sand filters about 
galls. per foot per hour, the filters being cleaned every weeks. 
cleaning every hours very high rate filtration possible, the 
being maintained. 

ANDREW Inst. E.—The discussion upon this sub- 
ject appears have been selected most appropriate time, when 
remembered how large percentage our losses South 
Africa due diseases very greatly attributable contaminated 
water. 

For some time the speaker has been conducting experiments with 
the water the River Ouse, Yorkshire, and for that purpose has 
had constructed two filters, each having area yds. One 
filter composed sand and gravel only, and the other has layer 
polarite, ft. ins. thick, between sand and gravel, each filter 
having total depth ft. 

The water treated contains storm time much fine clayey matter, 
and has strong yellow peaty color, due mainly organic contami- 
nation. 


Mr. Perrett. 


Mr. Johnston. 


Mr. Johnston. 
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The sand filter reduced the color slightly, while the polarite 
removed completely. Both filters, course, removed all sus- 
pended matter well reduced the bacteria one per cubic centi- 
meter. 

The following are the analytical results, parts per 100 the 
important constituents. 


Water from | Ww 
sand filter. | 


ater from 
polarite 
filter. 


| 

| Water from 
subsiding 
reservoir. 


0.01672 0.0084 Trace only. 

0.0194 0.0096 

Bacteria 312 1 1 


The sand filter was working the rate 480 galls. per square 
yard per hours, and the polarite filter the rate 444 galls. 
per square yard per hours, or, other words, the polarite filter 
was doing 500° more work than the sand filter, and giving higher 
degree purification. 

Comparing the foregoing results with those given Mr. Lindley, 
his admirable description his elaborate system Warsaw, 
found that the rate filtration, the speaker’s experiments, com- 
pared with his, follows: 

The speaker’s sand filter was working the rate 607 liters per 
meter per hours, and the polarite filter was working the rate 
273 liters per meter per hours, against the Warsaw maximum 
rate liters per meter. should stated, however, that the 
speaker first causes the water for the polarite filters pass through 
mechanical polarite clarifier, working the rate 000 per 
square yard per hours. 

coagulant used, against English practice use any 
chemicals water for drinking purposes. 

Although may argued, and some extent truly, that com- 
pare the results experiments extending over few months with 
those obtained Mr. Lindley experiments lasting for number 
years not fair, yet the speaker does not think such argument 
will affect this subject, because able state, from the experience 
other engineers, that equally good results are obtained water- 
works where polarite has been used for many years. the West 
Hants Water-Works, Christchurch (England), the supply taken 
direct from the River Avon, first passed through polarite automatic 
clarifiers, which remove the suspended matter, and then, simple 
arrangements, sprayed upon polarite filters. One feature the 
method Christchurch that the use the clarifier enables subsi- 


| 
| 
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dence reservoirs dispensed with, thus effecting great saving 


cost. 


The following extract from the Government Official Report 
Dr. St. George Mivart, the English Local Government Board, 
the Circumstances and Administration the Borough 


Christchurch, South Hants,” and shows the pollution which the 


River Avon subject above the intake the water-works: 


River Avon, from which the supply now wholly derived, 
rises Wiltshire, the neighborhood Devizes. 
here deal with pollutions which enter the earlier part its 
course. its banks, the vicinity Christchurch, are number 
considerable aggregations population, 
stand, get rid their sewage discharging more less directly 
the river few miles above the intake. 
did not extend beyond that portion the immediate neighbor- 
hood the Borough, and hereabouts noticed that pollution pos- 
sible, reason pig-keeping upon large scale, carried close 
the river, about quarter mile above the intake, and from the 
keeping animals and poultry the tenant the mill the site 
the water-works.” 


Notwithstanding the fact that the River Avon cannot looked 
upon ideal supply, yet, successful the filtration process 
adopted that the water issues from the polarite filter excel- 
lent quality, and shown the following analyses brought into 


condition equal that the purest well waters this country. 


Kent Deep WELL. West Hants, FI- 
ANALYSIS TERED. ANALYSIS 
Dr, P. FRANKLAND, Dr. A. ANGELL. 
DECEMBER, 1898. DECEMBER, 1898. 


Nitrogen as nitrates and nitrites 


Chlorine. 


Removable boiling 


The polarite filters Christchurch were laid down 1895, and 
continue work satisfactorily now when first put into 


operation. 


Hastings* (England), polarite filters have been used for ten 
years the public water supply, and the following are analyses and 
report the Official Chemist two samples Hastings water 


Total solids dried at 212° ” uae 
Total hardness........ ° 
Permanent hardness........ 


Grains per gallon. 


Not any. Not any 
0.005 | 0.006 
0.311 0.191 
1,05 

28.98 20.44 
18.6° 11.0° 
4.8 3.1 
13.8 7.9 


purified polarite, and taken from two different filtering stations: 


Population supplied with water, about 000. 


Ido not propose 


most which, under- 


inspection the river 
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11,7° Clark. 


Hardness before boiling................. 11.3° Clark. 


RAINS PER GALLON. 


No. 1 Sample. No. 2 Sample. 
Oxygen absorbed from permanganate. .| 0.008 0.008 
ees | 0.21 0.12 
Albuminoid 


These waters are, chemically speaking, great organic purity.” 

Reading (England), the whole the public water supply 
purified polarite, and the following chemical analyses and bacterio- 
logical results, extracted from report the Water-Works Commit- 
tee, show the effect this method filtration. 


results the analysis are expressed parts per 100 000, 
and are follows: 


Nitric acid (N, O,). 0.46 
Very faint trace. 
Free ammonia....... 0.0000 
Oxy gen absorbed from permanganate at 80° m "4 hour. } 0.0441 
4 hours 0.0895 
Permanent hardness. . 4.6 
Total hardness.......... 19.8 
Lead and copper........ . Absent 
Odor at 100° Fahr................ None. 
Color and appearance 2-ft. tube. Pale, green, clear. 
examination satis- 
factory. 


colonies micro-organisms the river water, 200. 

colonies micro-organisms the filtered water, 

The micro-organisms both the river and the filtered water were 
considerably less numerous than they were last month, and over 
those existing the former had been removed filtration. 

results the chemical and bacteriological analyses are satis- 
factory, and show that the filters were working well.” 

very sorry not have had the pleasure joining the oral discussion, 
but urgent unforeseen business had prevented him from doing so. 
opinion that the exchange views between brother engineers dif- 
ferent countries very desirable and tends the end break down 
that barrier apparent indifference which times seems exist. 

will confine his remarks point sand filtration, which 
frequently overlooked. 


* Population supplied with water, about 80 000. 


' 
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When Simpson first introduced sand filtration the Chelsea Works 
large scale, about the year 1829, had idea what manner 
the purification water was brought about this process; imita- 
ted Nature, and, Nature’s own processes are generally simplicity and 
perfection, succeeded. Since then this process has become popu- 
lar all countries, and its application has extended from year 
year, but its merits were only instinctively guessed and were not 
exposed and explained scientifically until within the last 
years, when, chiefly through the means supplied Koch, had 
become possible ascertain the organized matter water, the 
germs, microbes, micro-organisms, whatever name may give 
these minute beings, which belong the vegetable kingdom. 

The results then obtained clearly proved that the process puri- 
fication sand filtration was chiefly brought about physical 
mechanical agencies, the suspended matters, both organized and 
anorganized (living and dead) were removed, but the chemical compo- 
sition the water was but little affected. 

How did this take place? 

The slimy skin, which formed sooner later the surface 
every sand filter, when surface-derived waters were being filtered, 
acted very fine strainer catching and retaining the suspended 
matters the water. degrees this skin became exceedingly 
retentive that would not even allow the liquid pass through, and 
then the filter had cleaned. 

But there was almost impermeable layer gradually forming 
the sand surface, how was the air pass through, without which 
the micro-organic life could not carry its work the pores the 
sand, gradually splitting organic matters and changing them into 
mineral substances? And even the process mineralizing organic 
matters were not entirely due biological agencies, was pretty well 
established that the absence oxygen these changes soon came 
standstill. 

When remembered that sand filters are now being filled from 
below, and that every care taken drive out the air contained 
the mass the sand; when further kept mind that afterward 
impermeable skin gradually formed the surface, not sur- 
prising find the results previously stated, viz., the removal from 
the water all suspended matters, but great improvement the 
chemical composition the water. 

The writer had been asked how explained slight chemical 
improvement which was noticeable with most waters, and had stated 
that these small chemical changes went until the oxygen contained 
the sand and water was used up. 

Totally different the sand filtration drinking water was the fil- 
tration sewage any other impure liquid through land, which pro- 


Mr. Roechling. 


Mr. Roechling. 
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cess the writer had named the natural self-purification 
Here was the utmost importance prevent crust forming 
the surface the land, admit plenty air the micro- 
organic life the soil, which carried the benevolent work 
mineralizing organic waste matters. 

The writer has not time into the very interesting difference 
between water and sewage filters, and will only point out that the con- 
ditions work them are reversed, hence the results are reversed 
also. the filtrate from sand filters there are but few germs and 
chemical improvement; the effluent from sewage filters there are 
millions germs and decided chemical improvement. 

conclusion, the writer opinion that the raw material for 
supply for drinking purposes should chemically and other- 
wise free from objection possible, reduce the difficulties 
and the costs purification, because lengthy and expensive 
process use first filter constructed the same principles 
sewage filter and afterward water filter, now understand them. 


Esq.* (by letter).—Moscow will soon have decide 
upon the method filtering daily 000 000 galls. river 
water, the quantity necessary for its municipal water supply. This 
circumstance was the cause the writer’s journey from Moscow the 
United States America the autumn 1897, when the so-called 
American method water purification” rapid sand filtra- 
tion with had just begun receive scientific sanction 
America. 

The purification water subsidence and with the aid coagu- 
lation alum has been practiced since ancient times, and its good 
results making the most turbid waters clear crystal are well 
known. The modern American method water purification but 
improvement the older one changing the process from slow 
rapid one. 

During the first ten years its development the United States 
was not under scientific control, and was advocated merely com- 
mercial grounds. The great advantage, however, amethod rapid 
filtration with coagulation caused several series well-arranged 
scientific investigations made, and their results led material 

The first these investigations was made the year 1893 
Edmund Weston, Am. Soc. E., the City Providence, 
1896 and 1897 more extensive investigations were undertaken 
Louisville, through the initiative Charles Hermany, Am. 
E., and directed Fuller, Assoc. Am. E., who gave 
the science water purification great literary work without 
equal, same time independent scientific tests mechanical 


* Chief Engineer of the Moscow Water-Works. 
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filters were made Lorain, Ohio, the State Board Health, under Mr. Simin. 
the direction Allen Hazen, Am. 

the close his work Louisville 1898, Mr. Fuller made 
further studies Cincinnati, Ohio, where the importance subsid- 
ence, with and without coagulation before filtration, was especially 
well demonstrated. 1897 the City Pittsburg, Pa., made parallel 
experiments with slow and rapid filters, under the general direction 
Mr. Hazen. 1899 Mr. Weston again experimented East Providence, 
and Norfolk, Va., and March, 1900, Col. Miller terminated 
comparative test slow and rapid filters Washington, C., 
resulting recommendation adopt the rapid method water 
purification for 000 000 galls. daily. 

All these scientific investigations combine prove that rapid 
mechanical filters are able give good results; and although Mr. 
Hazen recommended slow filters for Pittsburg, Pa., this did not pre- 
vent him from stating that the rapid filters were also able purify 
water, and remove its coloring greater extent than possi- 
ble with slow sand filters. 

the time, when the writer was still under the inspiration his 
inspection mechanical filter plants the United States, when 
was familiar only with Mr. Weston’s work Providence, and could 
have had but superficial idea Mr. Fuller’s work Louisville, 
expressed his opinion* that obstacle would able stop the 
spread the American rapid method water Now, 
since all the above-mentioned scientific investigations are public 
possession, the writer cannot otherwise than reaffirm that opinion. 

The writer now wishes glance the matter from Russian 
standpoint. 

The method water purification with slow filters has been used 
Europe about seventy years, and has proven that good results can 
obtained it. Atthe they are notalways obtained. 
Russia not single case slow sand filters can considered being 
wholly successful. The best filters this kind were built Warsaw 
the talented Mr. Lindley, and they left the water turbid during the 
session the second Convention the Russian Water-Works Associa- 
tion, held 1895. The slow sand filters Odessa, also very well 
constructed English engineers, work the rate only ins. per 
hour, and yet cases unsatisfactory effluent occur often. St. 
Petersburg the slow sand filters work with too great velocity, and 
their average bacterial efficiency does not amount per cent. 
several other Russian cities slow sand filters are also made work 
too great velocities, account their insufficient size, and, therefore, 
give bad results. The writer believes that such cases lack 


* The Engineering News, March 24th; July 21st, 1898. 
The Engineering Record, March 19th; July 23d, 1898, 
Fire and Water, Vol. xxiii, No. 12. 
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success occur also Western Europe, where English slow filters are 
used many city water-works. 

American mechanical filters are almost unknown municipal water- 
works Europe, and many superstitions exist regarding them. System- 
atic scientific investigations the American method filtration 
with coagulation and sedimentation have not yet been made here. 
The investigations now undertaken the Moscow municipality, after 
the example Louisville and Pittsburg, should, therefore, con- 
sidered the first made Europe. 

The water taken from the Moscow River, within the city, where 
considerably polluted sewage and factory refuse, and very 
changeable character.* Many special investigations, already made 
the Moscow experimental filter plant, have cleared the subject, and the 
results general agree with those obtained America. Last March 
and April, when the stage the river was high, and when the water 
was very turbid, the mechanical Jewell” gravity filter removed 
99.8% the bacteria, and the filtered water during the whole time was 
quite clear. Sulphate alumina, quantities from grains per 
gallon, was used the coagulant, such large quantities being neces- 
sary obtain satisfactory bacterial results. 

Although these investigations are intended extend over one whole 
year, they cannot considered final, because they not indicate 
the results which would obtained the water taken the 
proposed new intake for the city water supply, located 
miles above the city. The water there contains but about 400 bac- 
teria per cubic centimeter, and therefore will require much less coagu- 
lant for its purification. that account proposed continue 
the investigations the place where the water for the future supply 
will actually taken, and make parallel experiments with mechani- 
cal and slow sand filters. 

the experiments should limited those now being made 
Moscow, the writer not sure that they would secure the adoption 
mechanical filters for the Moscow water supply. The citizens are not 
yet the idea possible dispense with slow 
sand filters for water purification. Ifthe writer continues the experi- 
ments for another year, will have more data, and believes will 
then easier remove the prejudice against the American method 
water purification. 

The writer feels certain his conclusion that the most reliable, the 
most comfortable, the easiest and cheapest method, and the one best 
adapted control scientifically the purification the Moscow city 
the American method rapid filtration with coagula- 
tion organic matter. 


*The Moscow River water, the point where taken the filters, contains from 
000 500 000 bacteria per cubic centimeter; the average, about 200 000. 
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The reasons are follows: the daily practice water purifica- Mr. Simin. 
tion one should certainly give preference plant, the sanitary opera- 
tion which can more easily subjected scientific control. Such 
control more readily obtained the American rapid filters than 
the English filters, for the following reasons: 

the normal operation American plant somewhat dis- 
turbed, very easy restore washing and coagulation. After 
while the effluent the English slow filters cannot quite 
satisfactory until days after cleaning, during which time the 
filtered water must allowed run waste. case the effluent 
suddenly appears turbid, the filtered water must also run waste 
until clears itself. this sense not possible control slow 
sand filter. 

countries haying severe winters, the American method 
water purification costs much less than the method requiring covered 
slow sand filters. (The cost filtration means rapid filters and 
open slow filters about the same.) 

the American method possible, not only make the 
water clear and remove the bacteria from it, but also remove the 
color caused vegetable pigments and other organic matter. Slow 
filtration removes such coloring matter toa much smaller extent, which 
important and insurmountable defect that system. 

the case American filters increase the rate filtration 
does not cause such noticeable depreciation the quality the 
the case English filters. the Moscow experimental 
plant satisfactory effluent obtained with 150 ins. per hour, 
and remains practically the same rate 250 ins. per hour. 

over fifty times much horizontal area American 
filters the same capacity, the English filters meet with serious dif- 
ficulties when there are suitable pieces ground upon which 
locate them. 

The method cleaning the English filters complicated and 
inconvenient. The sand has removed hand and periodically 
restored hand. The washing the sand machines presents 
difficulties during freezing weather. The washing mechanical 
filters easy and quick, and obviates taking the sand out the fil- 
ters. The rapidity washing obviates also the large reserve filtering 
areas the slow method. 

The existing English slow filters make too easy increase the 
quantity filtered water, and thus avoid the erection new filters. 
this only necessary increase the velocity rate filtra- 
tion and dispense with the wasting the first effluent. Such 
practice, however, detrimental the quality the effluent water. 
With the use mechanical filters increase the quantity the 
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filtered water much more easily and cheaply obtained, adding 
small supplementary rapid filter than large English filter. Nor 
necessary waste such great quantities the first effluent. Further- 
more, the increase velocity filtration does not affect the qual- 
ity the the same extent the case English 
filters. 

many cases American filters offer possibility uniting 
the process filtration with that softening the water freeing 
from iron. With the English filters this double effect not 
attainable. 

The greatest hindrance the adoption the American method 
the fact that requires coagulation, that say, the introduction 
chemicals into the water. often said that the public afraid 
the sanitary effects chemical treatment the water which 
obliged drink. The writer sees justification such fears. Man- 
kind often uses chemical processes for various purposes, and 
great extent, that the micro-chemical process coagulation, when 
the water subsequently filtered, must not regarded any- 
thing out the way. The writer thinks that the spread the Amer- 
ican method city water-works, when subjected good sanitary 
control, may considered even sign increasing public cul- 
ture and public reliance upon triumphant science. 

During the last few years America has made many scientific and 
practical investigations rapid water purification. Not single one 
them has undermined its reputation, the contrary, all them 
have strengthened it. 

America has investigated also the English slow method filtra- 
tion, and has proved that also may give good results. 

The science water purification much indebted America and 
its literature for the studies made both the English and Ameri- 
can methods. Europe did not much for the English method 
alone America did for both. 

The writer thinks, however, that the American investigations 
slow filtration cannot wholly serve basis, regards its daily prac- 
tical working, because during the investigations the filters are always 
placed more favorable condition than that which they are likely 
get practice. Only when made large filter plants daily use, 
and when free from idealization, are such experiments able show 
clearly all the merits and defects their true light. Our present 
water-works literature hardly yet contains record any such inves- 
tigations regards English filters. The writer feels sure that 
such investigations, systematic and thorough, would clear the way 
for the further spread the American method. Therefore, although 
insisting the use this method for purifying the new Moscow water 
supply, the writer that one filter with daily capacity 
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500 000 vedro 625 000 galls.) should arranged according Mr. Simin. 


the English method with all its improvements, and that such fil- 
ter should work under the best practicable conditions simultaneously 
with the mechanical filters. 

the writer succeeds having American filter plant 
000 000 galls. daily capacity, adopted for the Moscow water 
supply, would take care that the English filter plant, which 
proposed build for 625 000 galls. per hours, should remain for 
permanent use, that investigations both systems could made 
under permanent scientific control and equal footing. 

The investigations made the United States America have 
thrown much light upon the method rapid water purification. Let 
hope that similar light may thrown upon the English method 
slow filtration, which, almost exclusively for years, has served 
European water-works practice. 

Am. Soc. (by letter).—In reviewing the 
discussion the subject the filtration water for public use, for 
the first time presented for international discussion, gratifying 
observe little diversity opinion important matter, and 
that the positions taken the opening remarks have been quite 
generally sustained. 

Mr. Fuller’s reminder that, when speaking the entire process, 
the expression water purification should used instead water 
filtration,” rational and proper, because the word filtration does not 
always comprise the whole process. The chief point made his dis- 
cussion refers the necessity applying different methods different 
types water, because these greatly vary, particularly America, 
regards suspended matter causing turbidity, and regards dis- 
solved vegetal matter causing color. This fact, the more closely 
analyzed, will, the writer believes, gradually brush aside the remain- 
ing differences opinion regarding the relative merits the slow and 
rapid processes. 

unfortunate that the opinions are not unanimous regarding 
the proper names which these two processes are distinguished. 
Besides slow and rapid,” say English and American,” and 
also say and mechanical filters. 

The latter pair names seems the least descriptive, because 
sand the chief material both systems, and both have now mechani- 
cal contrivances regulate the flow and also tocleanthe sand. Further, 
the writer does not think that the nationality the first its kind 
descriptive for true and permanent distinction. are 
not sure but that some essential improvements will made other 
country than that which the process originated, and the name will 
then have but little meaning. The writer has, therefore, used the terms 
and rapid,” because the quantity water passing through 
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unit area the two classes shows decidedly the most distinctive 
all the characteristic features the two processes, and one which 
inherent the process, and will necessity permanent. The cost 
per million gallons filtered, for the average case, about the same, 
both processes. The means adopted for retaining the bacteria are 
essentially different, and are more expensive rapid than slow 
filters, while, balancing this greater expense, the former permit the 
water pass with correspondingly greater speed. yet, seem 
have single word characterize these different means for retain- 
ing the bacteria, the only other essential distinguishing feature between 
the two systems. 

Mr. Fuller makes important distinction between the waters 
Western Europe, which resemble the waters New England, and 


‘those chiefly the Mississippi Basin. the former the principal 


object remove bacteria, because, after such the water 
generally clear—the other chief requirement. the latter case the 
principal object remove the fine particles suspended clay, and 
thus clarify the water, because then the bacteria, which are much 
larger, will necessity also removed. 

The vegetal stain independent these considerations, and, with 
our present knowledge, seems matter rather than 
sanitation. It, therefore, represents question finance rather than 
hygiene, and the removal this color seems governed the 
question whether not the community willing pay for it, 
much the individual decides whether will drink champagne 
claret. 

The character the finest suspended matter may different, 
Mr. Fuller points out, radically affect the method treat- 
ment. itis silt, consists largely silicates and vegetal matter, 
most which readily removed subsidence. clay, subsi- 
dence removes only the grosser particles, while the finer ones can 
removed only coagulants. 

The use coagulants still much objected the medical pro- 
fession, but seems largely due alack knowledge the de- 
tails the process. The coagulating material need not pass through the 
filter. Its main object retain the bacteria and suspended matter, 
and remove color. doing this changes its chemical constitu- 
tion. Only when the quantity added unnecessarily great, when 
the alkalinity the water insufficient, both which contingencies 
may avoided corrected, does escape into the filtered water, 
and then probably only harmless quantities. other and normal 
times the coagulant retained top the filter medium. 

Coagulants have been used both rapid and slow filters. the 
former they are always essential; the latter only when the water 
contains fine clay. After scraping the slow filters, single dose 
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coagulant may quickly re-establish the normal condition, and thus 
avoid the otherwise necessary waste water for several days. 

the case slow filters, Mr. Fuller attaches great importance 
the difficulty adding the proper amount coagulants the inlet 
the settling basin, which difficulty removed the case rapid 
filters the possibility readily changing the amount the water 
enters upon them. however, not serious question. 
examination the water is, should be, made the inlet the 
basin, well the filter. Experience the works will soon indi- 
cate the proper coagulant for every condition the 
water, those comparatively infrequent occasions, when quick 
variation the composition the water takes place. any case, 
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this difficulty seems less importance than securing the most 


perfect the slight quantity coagulant with the large 
quantity water affected. 

Mr. Deacon prefers the slow filters because the quantity coag- 
ulants, necessary rapid filters, cannot perfectly proportioned 
automatic apparatus. This disadvantage, says, requires the 
employment more intelligent men. Yet such disadvantage 
surely not serious, and may measured the cost element, which 
generally the deciding one. 

Regarding the duty performed the sand grains, adheres 
the view that the sand substantially the film the 
surface the bed, view not originally held the Massachusetts 
State Board Health. making the sand bed several feet thick 
we, therefore, merely add factor safety, secure the desired 
action the face the natural irregularities found the sand 
grains. This view supported Mr. Deacon, who calls attention 
the fact observed him that the water does not down verti- 
cally, but erratic lines, piece paper falling through the air. 

obviate number the troubles with filters, Mr. Deacon uses 
contrivances, not only regulate the flow water, 
usually done, but also immediately record and measure dia- 
gram differentiating meter, practice which most highly 
commended means knowing and controlling the actual con- 
dition the filter any time. 

Mr. Simin the failures slow filters several the 
larger Russian cities, and anticipates better results from the rapid 
process. These failures, the opinion, were probably due 
either impossibility removing suspended clay particles 
extreme fineness, bad management, both—causes which have 
appeared also elsewhere. Mr. Simin’s eight reasons for preferring 


rapid slow filtration, form, however, the most complete short pre- 


sentation the merits the former which the writer has seen. 
While some the reasons may yet too sanguine, and while nothing 
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said concerning the comparative demerits, they nevertheless indicate 
that large field profitable application for rapid filters may exist 
some parts Europe, there does exist some parts America. 
The experiments with filters both systems now being conducted 
side side near Moscow will, hoped, throw some new light upon 
the subject from European point view. 

Mr. Johnston makes strong plea for the use polarite instead 
sand when filtering water, claiming that the degree purification 
higher and that the rate filtration may therefore more rapid. 
This substance has been known America for ten years, and has been 
examined and tested. The chief disadvantage lies the limited life 
the material, far its purifying effect concerned. When 
fresh does better work than sand, but does not permanently 
ratio. Its cost and the necessity replacing 
intervals, would, the long run, usually increase the entire 
cost filtration above that sand filters. 

overcome some the difficulties met with European slow 
filters, getting pure well clear water economical rates, the 
practice double filtration was introduced, and to-day practiced 
Zurich, Schiedam, Bremen and Altona. the last-named city this 
practice not found great advantage, and was not adopted for 
the adjoining new Hamburg filters. Bremen gives very satis- 
factory results. Schiedam the advantage questioned. The 
method operation differs each these instances. 

Professor Hilgard, his discussion, describes the double filtra- 
tion plant Zurich, where the lake water given rapid prelimin- 
ary filtration, before passed through the regular filters, for the 
purpose removing chiefly the large number minute organisms 
which had decreased the effectiveness the single filters about 
fourth what had been originally. The chief advantage forcing 
air through the sand when washing the preliminary filters Zurich 
should sought its mechanical and not any biological effects. 
The bacterial results Professor Hilgard’s table confirm the belief 
that many bacteria get into the water after has left the filter and 
before taken for use the buildings—a matter which often lost 
sight other cities, when pronouncing upon the work filters. 

When drinking water highly charged with iron, Mr. Palmer 
advocates the use polarite for preliminary and rapid filtration, 
prior turning the water upon the ordinary filter bed. details 
are given the durability this material and the cost the pro- 
cess, compared with other means removing iron. The exper- 
ience gained with aeration seems indicate that for equally good 
results the polarite could remove the iron permanent process 
only greater cost than the more common aerating process. 

The removal iron, the softening water and the Zurich case, 
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substantiate the suggestion that economy will often result from Mr. Hering. 


differentiation the process, separate removal each group 
matter, similarly what has been found advantageous sewage 
purification. 

Mr. Roechling believes that the methods filtering drinking 
water and sewage are totally different,” ‘‘that the conditions work 
them are reversed.” The writer does not understand the two pro- 
cesses quite thet way. both cases have water the main 
substance, and are suspended solution: dead organic and 
mineral matter, living organic matter, such bacteria other minute 
self-reproducing organisms; and have both cases loss oxygen 
the water. The difference the cases raw water and sewage 
merely one degree, and the process purification varies with the 
amount organic matter, its stability and the amount oxygen 
present. raw water selected for drinking there sufficient oxygen 
enable the bacteria nitrify convert the dead organic matter 
into mineral salts the single process oxidation; sewage the 
oxygen present not sufficient, and intermediate process putre- 
faction takes place, succeeded, however, process oxidation, for 
which putrefaction sometimes but necessary preparation. 

Dr. Kemna sees great advantages the slow method filtration, 
and recognizes the process Nature when converting surface 
rainwater into spring water percolation. 

Dr. Rideal has indicated new advantage the use alum 
indirectly preventing plumbism. The sterilization water 
heat appears him coming question.” While not 
clear, engineers, how the maintenance temperature sufficient 
kill the pathogenic organisms ‘‘does not necessarily involve the ex- 
most economic method known raise the temperature water the 
boiling point for few moments least. simple contrivance, 
arranged Mr. John Forbes, two vertical currents water are kept 
flowing past each other contiguous passages, that their heat 
equalized convection. The water, upon reaching the top one 
column, heated the boiling point, and then, descending, gradu- 
ally imparts its heat the water rising the first column, and finally 
escapes with temperature only higher than the original tem- 
perature. The water thus actually boiled, with very small ex- 


penditure heat, only enough raise its temperature from 
degrees. 


Mr. Hunter does not place much weight upon bacterial analysis; 
yet, with all its shortcomings and uncertainties, such analysis gives 
to-day the best known index for the sanitary condition the water, 
and has brought about the late development and true understanding 
the essentials and non-essentials filtration. Without would 
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have measure the sanitary value particular filter except the 
sick and death rates, which are affected also other causes. 

From the entire discussion appears that strong reasons have 
been brought out favor one and against the other the two 
methods water purification. Both methods have merits and field 
application, and their efficiency and cost not differ very greatly 
any case. formulating their relative advantages, substantially 
Mr. Fuller has done, may say, that the slow method generally 
has advantages for waters which are non-clay bearing and low color, 
which are cases where the rapid method generally less efficient and 
greater cost. the other hand, the rapid method, with obliga- 
tory use coagulant, has advantages for waters highly charged with 
sub-microscopic particles clay which are highly colored, both 
which cases the slow method less efficient. 

there sometimes only slight difference the cost the 
processes, the results purification, the rapid method may 
sometimes preferable solely because requires smaller invest- 
ment money the outset, although larger annual charge for 
operation, which some cities, limited their borrowing capacity, 
essential condition for the introduction water purification 
works. 


